ABSTRACT
INTRODUCTION
In recent years, we have been witnessing the rapid evolution of computer networking technology and the demand for acquiring lifelong knowledge. Most of the workers are needed to broaden their academic knowledge, in order to gain economic stability and progress. Some of them prefer attending traditional schools at their own available time. However they must compromise having formal schooling because of time and distance. For these reasons, the implementation of a distance learning system has been desired, and now has been researched and developed (Latchman, Salzmann, Gillet, & Bouzekri, 1999; Maeda et al., 1997; Mashita, Shigeno, & Matsushita, 2001) .
Distance learning has four factors that increase the number of questions. They are:
(1) the lack of awareness, (2) the ability to easily ask a question due to the distance between a teacher and students, (3) the difficulty of solving a question among students, and (4) the possibility of a lot of students taking a class simultaneously. The increase in the number of questions prevents a teacher from lecturing, because he may have to spend all of his time answering questions.
On the other hand, human communication is becoming increasingly important as the Internet grows. In addition, interactions and collaborative interpretation (Cox & Greenberg, 2000) are crucial in the development of human communication through distance learning (Ikehata, Shigeno, Okada, & Matsushita, 2000) . Furthermore, in a cooperative educational environment, there is a notion of "Learning by Observation" (Kolodner & Guzdial, 1996; Dillenbourg & Self, 1994; Hmelo, 1998) . Students that can learn by other students' actions and awareness have an important advantage over those who can't. Viewed in this light, Learning by Observation is one of the most important factors for the effective education.
However, most of the existing asynchronous distance learning systems can support the images of the teacher with synchronized digital documents used in lectures; however, they have not been able to convey interactions (between a teacher and students, or among students), atmosphere, or awareness to students who study asynchronously. As a result, students cannot experience such as a traditional face-toface lecture.
In order to solve these problems, we propose a distance learning system, "I-IE-DLS (Integrated Interaction EVENT Distance Learning System)," which provides the ability to display questions and also links similar questions together. It can suggest the most meaningful question. Moreover I-IE-DLS supports live interactions and records interactions during synchronous distance learning. It conveys recorded interactions to students who are studying asynchronously.
EFFECTIVE INFORMATION FOR DISTANCE LEARNING
This section describes the many questions and importance of interactions in distance learning.
Linking Similar Questions Together
As we said earlier, distance learning has factors that increase questions. If too many questions are sent to a teacher, a teacher cannot answer all questions in lecture-time. For example if the number of questions sent to a teacher is 20 or 30 in the traditional lecture, he may have to spend all of his time answering questions.
On the other hand, if students ask too many similar questions, it may be more meaningful for the students if the teacher answers the questions many students have in common. This is because, by answering these questions, more students will be pleased at once.
However, the distance learning system that exists now supports mail, chat, or BBS during question-and-answer sessions. Currently very little information about the question is known, for example who sent a question, when the question was sent, and what the content of the question was. As a result, the teacher cannot tell what questions should be answered.
Interactions in Distance Learning
As discussed in introduction, Learn- ing by Observation is one of the most important factors when students take a class. Regarding a synchronous distance learning system, live interactions during question-and-answer sessions have been able to be supported with the use of audio and video equipment (Yoshino et al., 1999) . Comparatively one of the most basic asynchronous distance learning systems, WBT (Okawa, Ijuin, & Murai, 1998) , which uses WWW and video and audio streaming, cannot support interactions. Normally in WBT the images shown on screen are limited to the images of the teacher with synchronized digital documents. However, important information that can be obtained through interactions cannot be conveyed to the students in asynchronous distance learning.
Inevitably, in such an environment students who study asynchronously cannot have a Learning by Observation experience.
INTEGRATED INTERACTION EVENT DISTANCE LEARNING SYSTEM
In this section we propose a distance learning system, I-IE-DLS. First, we present the educational environment, with the use of double liquid crystal displays. Second, we propose a method of asking questions and the ability to link similar questions together. Finally, we introduce "Interaction EVENT" and define it. It enables students to perceive recorded interactions in an asynchronous distance learning environment.
Educational Environment
Normally, a PC has one display, therefore the size of the lecture video is so small that it is impossible to see nonverbal information, such as gestures. Therefore, the double liquid crystal displays (DL-PC: Figure 1) are superior for distance learning. DL-PC utilizes the Multi-Display function of Windows NT, which means that two liquid crystal displays are connected to one PC.
The image of the teacher is shown in the upper display, and the digital documents are shown in the lower display during a lecture. The lower display is touch-sensitive, and a light pen is used instead of a mouse. With the use of two liquid crystal displays, the DL-PC provides a larger workspace that is more effective when utilizing multimedia information.
Digital Document 
The Effective Display of Questions
We propose the ability to display questions and also link similar questions together. Also, we propose "OAM (an Opinion for Adding Meaningfulness to a question)" for suggesting the most meaningful question and providing an opportunity for teachers to know a students' comprehension.
A Method of Asking Questions
If a student wants to ask a question of the teacher, the student double-clicks the questionable part of the digital document on the lower display shown in Figure 1 with light pen. And then one window -in which the student writes a question in the text area -appears, and the student can send a question.
The page number and its rectangular coordinates can be acquired by using the method of asking questions. By utilizing them, as Figure 2 shows, questions appear on the documents in the form of "?".
When students send questions, they are distributed to the teacher's terminal and other students' terminals through a proposed server (Figure 3) . Those questions are similarly shown on the documents in real time. As a result, by displaying questions on the digital documents, users know where the more frequently asked questions are.
Students' OAM
Students' "OAM" is described in this section. An OAM is a kind of mindset in which students can express ideas such as, "I want to know the answer to the question" (affirmative) or "It is a waste of time for the teacher to answer the question" (negative). Also, an OAM includes comments and the OAM-statement of the comment. The OAM-statement is represented by an affirmative or negative statement, and makes a clear distinction among questions.
Often when a question is asked, the question towards which students send an affirmative OAM should be shown emphatically. The previous subsection discussed questions that are shown on the documents in the form of "?". The more frequently an affirmative OAM is sent towards a question, the bigger the "?" becomes; in contrast, the more frequently a negative OAM is sent towards a question, the smaller the "?" becomes. In other words, students' OAMs affect the size of "?" on the digital documents. As a result, a teacher and students can detect questions which are more questionable among students. OAMs provide an opportunity for teachers to know a students' comprehension.
Interactions in Distance Learning
The images shown on screen are limited to the images of the teacher with synchronized digital documents in most of the existing asynchronous distance learning systems. Actually, there are many interactions or awarenesses in the traditional lecture that students of asynchronous distance learning can not absorb. The existing asynchronous distance learning systems lack interactions. Students have not been able to necessarily have a "real school lecture" experience. As I mentioned before, interactions are very important for education.
In this section we propose I-IE-DLS, which records all interactions automatically during synchronous distance learning and conveys the recorded interactions to students during asynchronous distance learning. Copyright © 2004 , Idea Group Inc. Copying or distributing in print or electronic forms without written permission of Idea Group Inc. is prohibited.
Interaction EVENT
We define an "Interaction EVENT" in this section. It is a generic name for all interactions and the system's reactions to them during a lecture.
When students ask questions, the mark of "?" appears on the documents, and when students send an affirmative OAM to a question, the "?" becomes bigger; in addition, when a teacher asks a question as seen in traditional lectures, a window that enables students to answer the question appears on students' terminals.
The examples mentioned above are concrete examples of an Interaction EVENT. Other examples of an Interaction EVENT in our prototype system are discussed in implementation.
Recording Interaction EVENTs
In this section we define the Interaction EVENT Markup Language (IEML). IEML is an application of eXtensible Markup Language (XML) 1.0, which defines a consistent format for the accumulation and operation of all kinds of Interaction EVENTs. All Interaction EVENTs are automatically recorded by using IEML during lectures in synchronous distance learning. Figure 3 is the construction of the proposed server, which records Interaction EVENTs. In Figure 3 the "Interaction Manager" manages the interaction information that is being sent from the clients' terminals (teacher's and students' terminals). Immediately after receiving the interaction information, the "Interaction Distributor" sends interaction information to all of the clients' terminals. During this time the interaction information is recorded onto the Event Database by the "Interaction Recorder." Each interaction -such as a question, answer, or OAM that is related to personal profile information -is recorded separately onto the Event Database. After the lecture is complete, the "IEML Generator" will integrate each interaction EVENT into IEML.
As a result, IEML is generated. A part of IEML is shown in Figure 4 . 
Reproduction of an Interaction EVENT for Asynchronous Distance Learning
With the Interaction EVENT described in the previous subsection, the proposed distance learning system can show not only synchronizing digital documents with recorded lecture video, but also synchronizing recorded interactions in asynchronous distance learning. Since IEML is data in text format, it does not put a load on the network.
As a result, students who study asynchronously can perceive reproduced interactions.
IMPLEMENTATION OF PROTOTYPE Overview of the System
During a lecture, students use the DL-PC (Figure 1) , and the digital documents are shown in the lower display of DL-PC (see Figure 5) . The digital documents are in JPG format, into which Microsoft PowerPoint format is converted.
If a user wants to see questions, which a student had already asked about the digital document, the user selects the area where the "?" on the digital document appears; then a window which lists the questions appears (Question List Window in Figure 5 ). 
Kinds of OAM-Statements
The following are OAM-statements we have adopted: 1. "AGREE(affirmative OAM)" 2. "Understand(negative OAM)" "AGREE" is an affirmative OAMstatement that students can send when they want to know the answer to a question; in contrast, "Understand" is the negative OAM-statement when they don't want a teacher to spend time answering the question.
The size of the "?" on the document changes when an OAM of "AGREE" exceeds the various thresholds of 10%, 20%, 30%, 40%, and 50% of the total number of students. In this way, users can visually distinguish the difference among questions.
Kinds of Interaction EVENTs
The following are interactions users can use in the prototype system. 1. Questions students send 2. Answers students send 3. OAMs students send 4. Questions the teacher sends 5. A show of hands the teacher asks for These actions are referred to as Interaction EVENTs. These interactions in the prototype of the synchronous distance learning system are further defined below. 1. The student can double-click the questionable part of the digital document with a light pen. All sent questions are shown on the digital document as a "?" in real time. Therefore as the lecture continues the number of questions students send increases and the number of "?" gradually increases as well. 2. The action is defined as a student who wants to answer to a question. 3. Students can send an OAM. As students continue to send an OAM, it affects the size of "?" on the digital documents (an affirmative OAM makes the "?" bigger, while a negative OAM makes the "?" smaller). 4. The action is a question that a teacher asks students. If the teacher wants to ask a question, the teacher clicks the Question button on Figure 5 (d) of the Main Window. Next, a window appears on the students' terminal which enables students to send an answer to the question.
5. If a teacher wants to poll the students to ensure they understand the material, the teacher often asks for a show of hands from the students as seen in traditional lectures. In the prototype system, in order to poll the students, the teacher clicks the show of hands button on Figure 5 (d) of the Main Window. Next, on the students' terminals a window appears for asking for a response, either a Yes or No. Then, the students' responses are shown on the teacher's terminal.
During the question-and-answer sessions as shown above, various live interactions are provided in the synchronous distance learning system. These interactions are automatically recorded by using IEML, and the prototype can reproduce interactions for the asynchronous distance learning system. Therefore a student who studies asynchronously can experience the same interactions as if other students were sending questions, answers, and OAMs, and as if the teacher was asking questions and polling the asynchronous student. 
CONCLUSIONS
This paper has described a distance learning system called I-IE-DLS, which copes with many questions and supports interactions. I-IE-DLS provides the ability to display questions and also links similar questions together and suggests the most meaningful question. During synchronous distance learning, I-IE-DLS supports live interactions and records these same interactions. And during asynchronous distance learning, I-IE-DLS synchronizes recorded interactions with recorded lecture video in order to convey recorded interactions to students who are studying asynchronously.
Interaction is one of the most important factors to improve educational effectiveness. Moreover, a sense of atmosphere and awareness grows out of these interactions. I-IE-DLS enables students to study effectively.
The proposed distance learning system has the potential to contribute to current distance learning systems.
